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LINEAR MOTOR STAGE SYSTEM 
FOR USE IN EXPOSURE APPARATUS 



FIELD OF THE INVENTION AND RELATED ART 

This invention relates to a linear motor and 
a stage system with the same, suitably usable in an 
apparatus such as a semiconductor exposure apparatus 
or a high precision processing machine wherein precise 
positioning is to be performed. The present invention 
also relates to an exposure apparatus and/or a device 
manufacturing method using such a linear motor or a 
stage system . 

In an positioning system of nanometer order 
for use in a semiconductor exposure apparatus or a 
high precision processing machine, heat generation at 
a linear motor which is a driving source has an 
adverse influence on the positioning process. More 
specifically, the heat generation may cause thermal 
deformation of a structure and a temperature rise of 
an air which may result in a measurement error in a 
position measuring laser interferometer* It may cause 
degradation of the positioning precision of the 
apparatus wherein the linear motor is incorporated. 
For example, only with a temperature rise of 1 °C, a 
low thermal expansion material (thermal expansion 
coefficient lxl0~ 6 ) of a size 100 ram may deform by 100 
run. Also, only with a change of 1 °C or less in the 
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temperature of an air at the light path of an optical 
interferometer distance gauge, an error of 100 nm may 
be produced in the measured value. In consideration 
of this, some measures should be taken to prevent such 
5 temperature change and, in this respect, a linear 
motor has to be cooled. Particularly, any heat 
produced from the linear motor should be collected. 

On the other hand, in order to meet an 
improvement of the performance of an apparatus , 

10 enlargement of the output power of a linear motor has 
been desired. If the electric current to be supplied 
to coils of the motor is made larger to this end,, the 
amount of heat generation becomes larger. It requires 
enlargement of the cooling capacity. The enlargement 

15 of the cooling capacity is important also in respect 
to prevention of damage of coil wires or an increase 
in coil resistance due to a coil temperature rise. 

Figure 15 is a sectional view of a structure 
of a conventional linear motor having cooling means. 

20 As illustrated, the linear motor comprises a coil 1 
and permanent magnets 3 fixed to yokes 2 on the 
opposite sides of the coil 1. The coil 1 is 
surrounded by a jacket 9 which comprises thin sheets 4 
and 4' and a frame 5. The coil 1 is fixed to the 

25 frame 5 by means of a fixing element 7. The jacket 9 
is structured so that a cooling medium flows through 
an inside space 6 thereof, to collect heat produced at 
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■the coil 1* 

Figure 16 is a sectional view of a linear 
motor of another example. In this linear motor, an 
electric current flows through a coil 1 (lateral in 
5 the drawing) disposed in a magnetic field 

(longitudinal in the drawing) produced by permanent 
magnets 3 which are fixed to yokes 2 . In response to 
it, the coil 1 and the magnets 3 are relatively moved 
in a direction perpendicular to the sheet of the 

10 drawing. In order to collect heat produced from the 
coil 1, the coil 1 is enclosed by a jacket having 
portions 14 and 14 T . A a cooling medium flows through 
a clearance between the coil 1 and the jacket, by 
which the heat is collected* In order that the 

15 distance between the permanent magnets 3 is made 
smaller and the produced magnetic density is made 
larger for enlargement of the linear motor thrust, the 
jacket is made thin* 

In these examples, however, if the flow rate 

20 of the cooling medium is made larger to increase the 
cooling capacity, a resultant pressure rise of the 
cooling medium may cause outward deformation of a 
small -thickness portion of the jacket. It may result 
in contact with the permanent magnet or breakage of 

25 the jacket* To avoid this, the small -thickness 
portion of the jacket should have a sufficient 
strength- To the contrary, for an increased output 
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power of a linear motor, the distance between 
permanent magnets has to be made small to enlarge the 
magnetic density. In this respect r the small- 
thickness portion of the jacket should he made thin as 
5 much as possible to reduce the size of the jacket. 

Further, in a case of a multiple-phase linear 
motor having coils such as being arrayed along a 
direction perpendicular to the sheet of the drawing of 
Figure 16, the coil and jacket structure extends in 
10 the direction perpendicular to the sheet of the 

drawing. In such example, the natural frequency of 
the structure should be made large to reduce the 
adverse influence on a high-precision positioning 
system wherein the linear motor is incorporated. 

15 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present 
invention to provide a linear motor structure and/or a 
stage system with the same wherein the thickness of a 
20 small- thickness portion can be kept small while the 
strength of the same is enlarged. 

It is another object of the present invention 
to provide a invention to provide a linear motor 
structure and/or a stage system with the seme wherein 
25 a coil and jacket structure has an enlarged natural 
v i b r at i on f requency • 

It is a further object of the present 



invention to provide an exposure apparatus and/or a 
device manufacturing system which uses a linear motor 
structure or a stage system such as described above. 

In accordance with an aspect of the present 
5 invention, there is provided a linear motor, 

comprising: a magnet; a coil; and a jacket having an 
inside couth-shaped member extending along a driving 
direction, wherein the coil is engaged by teeth of 
said comb-shaped member and wherein a cooling medium 
10 is flown through an inside space enclosed by said 
j acket . 

The comb-shaped member may include base 
portions provided on mutually opposed inside faces of 
said jacket and formed in parallel to the driving 

15 direction and to be opposed to each other, and a 

pillar-like portion for connecting said base portions/ 
wherein the coil may be floatingly supported by said 
base portions while it may be held fixed by said 
pillar-like portion with respect to the driving 

20 direction. 

The linear motor may include a plurality of 
coils arrayed along the driving direction with partial 
overlapping with each other , wherein each coil may 
have a bent end portion to avoid mutual interference 

25 of the partially overlapped portions of the coils, and 
wherein the coils may be disposed with their central 
portions placed substantially at the same level. 
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The jacket may have a central small-thickness 
portion with an outside recessed portion, wherein the 
bent end portions of the coils may he disposed at the 
recessed portion, and wherein the central small- 
thickness portion may be reinforced by the recessed 
portion* 

The jacket may serve as a guide for an 
element to be driven by said linear motor. 

In accordance with another aspect of the 
present invention, there is provided a stage system, 
comprising: a movable stage; a linear motor having a 
magnet and a coil, for driving said stage; and a 
jacket having an inside comb-shaped member extending 
along a driving direction, wherein the coil is engaged 
by teeth of said comb-shaped member and wherein a 
cooling medium is flown through an inside space 
enclosed by said jacket . 

In accordance with a further aspect of the 
present invention, there is provided an exposure 
apparatus, comprising; a movable stage for holding a 
substrate thereon; a linear motor having a magnet and 
a coil, for driving said stage; and a jacket having an 
inside comb-shaped member extending along a driving 
direction, wherein the coil is engaged by teeth of 
said comb-shaped member and wherein a cooling medium 
is flown through an inside space enclosed by said 
j acket * 



In accordance with a. yet further aspect of 
the present: invention, -there is provided a device 
manufacturing method, comprising the steps of: 
applying a photosensitive material onto a substrate; 
5 exposing the substrate by use of an exposure apparatus 
including a movable stage for holding a substrate 
thereon, a linear motor having a magnet and a coil, 
for driving said stage, and a jacket having an inside 
comb -shaped member extending along a driving 
10 direction, wherein the coil is engaged by teeth of 

said comb-shaped member and wherein a cooling medium 
is flown through an inside space enclosed by said 
jacket; and developing the exposed substrate. 

In accordance with a still further aspect of 
15 the present invention , there is provided a linear 
motor, comprising: a magnet; a coil; and a jacket 
having a reinforcement portion extending in parallel 
to a driving direction, wherein said coil is enclosed 
by said jacket and wherein a cooling medium is flown 
20 through an inside space of said jacket. 

The reinforcement portion may be formed on an 
outside face of said jacket. 

The reinforcement portion may be formed at a 
position not interfering with relative motion of said 
25 magnet and said coil. 

The reinforcement portion may be made of one 
of aluminum, ceramics and resin. 
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The reinf orcement portion may be made 
integral with said jacket, and said reinforcement 
portion may be defined by a portion having a protruded 
shape with respect to a level of a portion of said 
5 jacket where said magnet and said coil are opposed to 
each other * 

The jacket and reinforcement portion being 
integral with each other may be made of one of 
ceramics and resin. 

10 The protruded shape portion of said jacket 

may be defined by an inside recessed portion of said 
jacket where a portion of the coil is placed. 

At least one of an upper half and a lower 
half of a section of said jacket taken along a plane 

15 perpendicular to the driving direction may have a 
r ece s s ed shape po rt i on . 

In accordance with another aspect of the 
present invention, there is provided a stage system, 
comprising: a movable stage; a linear motor having a 

20 magnet and a coil r for driving said stage; and a 

jacket having a reinforcement portion extending in 
parallel to a driving direction, wherein said coil is 
enclosed by said jacket and wherein a cooling medium 
is flown through an inside space of said jacket. 

25 In accordance with a further aspect of the 

present invention, there is provided an exposure 
apparatus, comprising: a movable stage for holding a 



substrate thereon; a linear- motor Having a magnet and 
a coil, for driving said stage; and a jacket having a 
reinforcement portion extending in parallel to a 
driving direction, wherein said coil is enclosed by 
5 said jacket; end wherein a cooling medium is flown 
through an inside space of said jacket. 

In accordance with a yet further aspect of 
the present invention, there is provided a device 
manufacturing method, comprising the steps of; 

10 applying a photosensitive material onto a substrate; 

exposing the substrate by use of an exposure apparatus 
having a movable stage for holding a substrate 
thereon, a linear motor having a magnet and a coil, 
for driving said stage, and a jacket having a 

15 reinforcement portion extending in parallel to a 

driving direction, wherein said coil is enclosed by 
said jacket and wherein a cooling medium is flown 
through an inside space of said jacket; and developing 
the exposed substrate, 

20 The comb-shaped member or the reinforcement 

member functions to enlarge the strength of the jacket 
against the pressure of the cooling medium inside the 
jacket* Thus, even if the pressure of the cooling 
medium is made larger or the size of the jacket is 

25 made smaller, unwanted deformation or breakage of the 
jacket can be prevented. A linear motor with its 
output power enlarged as compared with conventional 



-10- 



structures can be provided, such that a stage system, 
an exposure apparatus or a device manufacturing method 
using such a linear motor can also be provided. 

The comb-shaped member or the reinforcement 
5 meniJber is provided in an inside space of the linear 
motor. Therefore, without the need of enlargement in 
size of the linear motor, deformation or breakage of 
the jacket can be prevented and, on the other hand, 
the cooling efficiency can be improved. Further, the 

10 provision of the comb-shaped member or the 

reinforcement member effectively improves the rigidity 
of the jacket, the natural frequency of the jacket can 
be made higher. This effectively leads to 
improvements in precision of a precision positioning 

15 apparatus or precision machining apparatus wherein the 
linear motor is incorporated. 

These and other objects, features and 
advantages of the present invention will become more 
apparent upon a consideration of the following 

20 description of the preferred embodiments of the 
present invention taken in conjunction with the 
accompanying drawings - 

BRIEF DESCRIPTION OF THE DRAWINGS 
2 5 Figure 1 is a perspective and exploded view 

of a jacket of a linear motor according to a first 
embodiment of the present invention. 
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Figure 2 is a perspective view of an example 
of a combination of coils to be disposed within the 
jacket of Figure 1, 

Figure 3 is a sectional view of a linear 
5 motor with, the jacket of Figure 1, taken along a plane 
perpendicular to the driving direction. 

Figure 4 is a sectional view of the linear 
motor of Figure 1, taken along the driving direction. 

Figure 5 is a sectional view of a jacket of a 
10 linear motor according to a second embodiment of the 
present invention, taken along a plane perpendicular 
to the driving direction. 

Figure 6 is a sectional view of the linear 
motor of Figure 5, taken along the driving direction. 
15 Figure 7 is a sectional view of a jacket of a 

linear motor according to a third embodiment of the 
present invention, taken along a plane perpendicular 
to the driving direction* 

Figure 8 is a sectional view of the linear 
20 motor of Figure 7 r taken along the driving direction. 
Figure 9 is a sectional view of a linear 
motor according to a fourth embodiment of the present 
invention, taken along a plane perpendicular to the 
driving direction. 
25 Figure 10 is a sectional view of a linear 

motor according to a fifth embodiment of the present 
invention,, taken along a plane perpendicular to the 
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d riving direction . 

Figure 11 is a sectional view of a linear 
motor according to a sixth embodiment of the present 
invention, taken along a plane perpendicular to the 
5 driving direction. 

Figure 12 is a schematic view of an exposure 
apparatus having a wafer stage system including a 
linear motor according to any one of the first to 
sixth embodiments ♦ 
10 Figure 13 is a flow chart of semiconductor 

device manufacturing processes, using an exposure 
apparatus according to the present invention. 

Figure 14 is a flow chart for explaining 
details of a wafer process included in the procedure 
15 of Figure 13. 

Figure 15 is a sectional view of a structure 
of a conventional linear motor with cooling means. 

Figure 16 is a sectional view of another 
example of a conventional linear motor. 

20 

DESCRIPTION OF THE PREFERRED EMBOD IMENTS 

Preferred embodiments of the present 
invention will now be described with reference to the 
accompanying drawings . 

25 



[ Embodiment 1 ] 

Figure I is a perspective and exploded view 
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of a jacket of a linear motor according to a first 
embodiment of the present invention. Figure 2 is a 
perspective view of an example of a combination of 
coils to be disposed within the jacket of Figure 1. 
Figure 3 is a sectional view of a linear motor with 
the jacket of Figure 1, taken along a plane 
perpendicular to the driving direction. Figure 4 is a 
sectional view of the linear motor of Figure 1, taken 
along the driving direction. In these drawings, 
denoted at la is a flat coil, and denoted at 14 and 
14 T are jacket elements constituting a jacket. 
Denoted at 8 is a comb-shaped structure formed on the 
jacket elements 14 and 14'. The coil la through which 
an electric current is to be flown is disposed inside 
the jacket defined by the jacket elements 14 and 14'* 
It is held fixed at recessed portions of the comb- 
shaped structure 8, defined by the jacket elements 14 
and 14 T , by using an adhesive agent, for example. 
Denoted at lb is a bent coil wherein, as shown in 
Figure 2, a portion of the bent coil lb is placed into 
a void core portion of the flat coil la. There are a 
plurality of coils, being paired such as shown in 
Figure 2, which are arrayed and covered by the jacket. 
Although in Figure 1 there is only a flat coil la 
illustrated, a bent coil lb is provided there in the 
positional relation with the flat coil la as shown in 
Figure 2. The comb-shaped structure 8 includes base 
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portions 11 which are formed on the opposed inside 
faces of the jacket, along a direction parallel to the 
driving direction, so as to be opposed to each other, 
as well as pillar portions 12 connecting the opposed 
5 base portions. The base portions serve to floatingly 
support the coils la and lb so that the coils are 
floated from the inside faces of the jacket- The 
pillar portions serve to hold the coils la and lb 
fixed with respect to the driving direction - 

10 In Figure 3, denoted at 2 and 2' are yokes, 

and denoted at 3 and 3 are permanent magnets* A 
portion of the coils la and lb is disposed in a 
magnetic field which is produced by a magnetic circuit 
defined by the permanent magnets 3 and 3 1 and yokes 2 

15 and 2 T . When an electric current is flown through the 
coils la and lb, the coils la and lb and the permanent 
magnets 3 and 3* are relatively driven in opposite 
directions, along a direction perpendicular to the 
sheet of the drawing. In the portion of Figure 3 

20 where the magnetic field is produced (a region M in 
Figure 2), a portion of the bent coil lb is placed 
into the void core portion of the flat coil la. This 
effectively shorten the gap of the space where the 
magnetic field is produced- Therefore* it effectively 

25 increases the magnetic field* Further, since the 
opposite end portions of the bent coil lb are bent 
upwardly above the flat coil la, the Jacket element 
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14* is formed with an inside recessed portion 
corresponding -bo the shape of the coil. 

As shown in Figure 4, the portions of the 
coils la and lb in the region where the magnetic field 
5 is produced are placed at the same level. The coils 
la and lb are held fixed by the comb-shaped structure 
8, and there are spaces defined between the jacket and 
the coils la and lb- In Figure 4, the magnetic 
circuit (permanent magnets and yokes) is not 

10 i 1 lustrated - 

The jacket elements 14 and 14' are sealingly 
fixed to each other by means of an adhesive agent or 
bolts. A temperature controlled cooling medium is 
flown through the space between the Jacket and the 

15 coils la and lb r to thereby collect heat generated by 
the coils la and lb. With this arrangement, any 
temperature rise of the coils la and lb themselves as 
well as any temperature rise of a component mounted on 
the linear motor or of an environment thereof can be 

20 prevented. The pillars 12 of the comb-shaped 

structure 8 formed on the jacket element 14 are fixed 
to the base portions 11 of the Jacket element 14 T . 
This effectively prevents outward deformation of the 
jacket by the inside pressure of the cooling medium* 

25 The recessed portion of the jacket 14' accommodating 
the opposite ends of the bent coil lb serves to 
reinforce the small -thickness portion of the jacket 
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where the magnetic field is applied. 

In accordance with this embodiment, even if 
the pressure of the cooling medium is increased or the 
thickness of the jacket sheet is made smaller, 
unwanted deformation or breakage of the jacket can be 
prevented. Therefore, the flow rate of the cooling 
medium made larger to improve the cooling efficiency 
and also the jacket can be made compact. This leads 
to an improvement of the linear motor thrust. 

[ Embodiment 2 ] 

Figure 5 is a sectional view of a jacket of a 
linear motor according to a second embodiment of the 
present invention, taken along a plane perpendicular 
to the driving direction. Figure 6 is a sectional 
view of the linear motor of Figure 5, taken along the 
driving direction. In these drawing, a magnetic 
circuit (permanent magnets and yokes) is not 
illustrated. In the example of Figures 3 and 4, the 
connection face between the jacket elements 14 and 14' 
is at the same level as the upper surface of the coil 
la. In this embodiment, as compared therewith, the 
connection face is placed at the central portion of 
the coil la. In this manner, the contact face between 
the jacket elements 14 and 14 ' can be changed in the 
height direction in the drawing. The remaining potion 
of this embodiment has substantially the same 
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structure and function as the first embodiment . 
Substantially the same advantageous results as of the 
first embodiment are attainable with this embodiment. 

5 [Embodiment 3] 

Figure 7 is a sectional view of a jacket of a 
linear motor according to a third embodiment of the 
present invention, taken along a plane perpendicular 
to the driving direction. Figure 8 is a sectional 

10 view of the linear motor of Figure 7, taken along the 
driving direction- In these drawing, a magnetic 
circuit (permanent magnets and yokes) is not 
illustrated. In the first embodiment, one flat coil 
la and one bent coil lb constitute a pair. in this 

15 embodiment, as compared therewith, one flat coil la 
and two bent coils lb and lc constitute one set. As 
shown in Figure 8, in a region where a magnetic filed 
is produced by a magnetic circuit defined by permanent 
magnets and yokes, the coils la - lc are disposed 

20 laterally at the same level- Further, portions of the 
bent coils lb and lc are placed into a void core 
portion of the flat coil la. Also, as shown in Figure 
7, the bent coil lb has its opposite end portions bent 
upwardly above the flat coil la, while the bent coil 

25 lc has its opposite end portions bent downwardly below 
the flat coil la. In this manner, the bent coils lb 
and lc are placed into the void core portion of the 
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flat coil la as described, such that like the first 
embodiment the gap of the space where the magnetic 
field is produced can be made small and, therefore, 
the magnetic field can be enlarged- Because of the 
5 upward and downward bent portions at the opposite ends 
of the bent coils lb and 1c, the jacket elements 14 
and 14 1 are formed with inside recessed portions 
corresponding to the shapes of the coils, as 
illustrated. The remaining portion of this embodiment 
10 has substantially the same structure and function as 
of the first embodiment, and substantially the same 
advantageous results as of the first embodiment are 
attainable with this embodiment - 



15 [Embodiment 4] 

Figure 9 is a sectional view of a linear 
motor according to a fourth embodiment of the present 
invention, taken along a plane perpendicular to the 
driving direction. Denoted in Figure 9 at 1 is a 

20 coil, and denoted at 3 and 3 1 are permanent magnets 

for applying a magnetic field to the coil 1. Denoted 
at 2 and 2 1 are yokes on which the magnets 3 and 3' 
are mounted. Denoted at 14 and 14' are jacket 
elements, constituting a jacket, and denoted at 21a - 

25 21d are reinforcing members provided on the jacket. 
Since the coil 1 and the permanent magnets 3 and 3 1 
are relatively moved along a direction perpendicular 
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to the sheet of the drawing, the reinforcing members 
21a - 2 Id are disposed in spaces between the jacket 
ana the yokes 2 and 2 1 where the magnet 3 or 3 ' is not 
present. The reinforcing members 21a - 2 Id are fixed 
5 to the jacket by means of an adhesive agent or bolts 
for example. Where bolts are used for the fixation, 
an adhesive material may be used to keep the seal, so 
as to prevent leakage of a cooling medium inside the 
Jacket. The reinforcing members 21a - 2 Id thus do not 

10 interfere with the drive of the linear motor, that is, 
relative motion of the coil 1 and the magnets 3 and 
3'. As regards these reinforcing members 21a - 21d, 
use of a non-magnetic material such as aluminum, 
ceramics or resin, for example, is preferable. 

15 With the structure described above, the 

small -thickness portion of the jacket is reduced, such 
that unwanted large deformation of the small-thickness 
portion of the jacket due to the inside pressure of 
the cooling medium within the jacket, causing 

20 interference with the magnet 3 or 3 1 or breakage 

thereof, can effectively prevented* Thus, the inside 
pressure resistance of the jacket is improved and, 
therefore, the flow rate of the cooling medium can be 
enlarged. This directly leads to an improvement of 

25 the heat collection capacity of the cooling medium. 

As a result, without enlargement in size of the linear 
motor, the heat produced at the coil 1 when the linear 
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motor is driven can be collected more ef f iciently , and 
adverse influences of the heat to the component 
mounted on the linear motor can be avoided. 
Particularly, when the linear motor is incorporated 
5 into a high-precision positioning system, unwanted 
thermal deformation of the structure or undesirable 
fluctuation of an air, causing an error of a laser 
interferometer (for position measurement) can be 
prevented, such that the positioning precision can be 
10 improved. 

[ Embodiment 5 ] 

Figure 10 is a sectional view of a linear 
motor according to a fifth embodiment of the present 

15 invention, taken along a plane perpendicular to the 
driving direction. Although permanent magnets and 
yokes are not illustrated, they are similar to those 
of Figure 9. The linear motor of this embodiment 
corresponds to a modification of the Figure 9 

20 embodiment, wherein the jacket element 14 and the 

reinforcing members 21a and 21c, as well as the jacket 
element 14' and the reinforcing members 21b and 21d of 
Figure 9 are combined into integral structures, 
respectively, having a protruded shape such as 

25 depicted at A in the drawing. Thus, the 3 acker, 
elements 14 and 14' in this embodiment: have such 
integral structures, respectively. More specifically. 
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each of the jacket elements 14 and 14 1 has both of a 
function as a jacket: and a function as a reinforcing 
member. As regards the jacket elements 14 and 14 1 , 
use of a non-magnetic and electrically insulating 
5 material (or alternatively a high resistance material) 
such as ceramics or resin, for example, is preferable* 
With this embodiment, substantially the same 
advantageous results as of the fourth embodiment are 
attainable. 

10 

[ Embodiment 6 ] 

Figure 11 is a sectional view of a linear 
motor according to a sixth embodiment of the present 
invention, taken along a plane perpendicular to the 

15 driving direction* In this. linear motor, the jacket 
serves as a guide for a component to be driven by the 
linear motor* In Figure 11, denoted at 31a and 31b 
are air pads opposed to the jacket element 14, and 
denoted at 32a and 32b are bases for the air pads 31a 

20 and 3 lb, respectively* Denoted at 33 is a member on 
which the yokes 2 and 2' for the magnets 3 and 3' as 
well as the bases 32a and 32b are mounted. Although 
there are coils inside the jacket elements 14 and 14* , 
they are not illustrated. The surfaces of the jacket 

25 element 14 opposed to the air pads 31a and 31b 

function as guiding faces. On the other hand, the air 
pads 31a and 31b are arranged to discharge gaseous 
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fluids from their surfaces facing to the jacket 
element 14, Thus, the air pads 31a and 31b and the 
jacket element 14 constitute a static pressure 
bearing- A gap of a few microns is maintained between 
5 the jacket element 14 an<j the air pad 31a or 31b, such 
that the jacket and the air pads are maintained out of 
contact and confined with respect to the lateral 
direction as viewed in the drawing- Although there is 
no confining means illustrated in relation to the 
10 longitudinal direction in the drawing, the member 33 
and the like can be moved along a guide (not shown), 
in a direction perpendicular to the sheet of the 
drawing . 



1 5 [ Embodiment 7 3 

Referring now to Figure 12, an embodiment of 
a scan type exposure apparatus wherein a linear motor 
according to any one of the preceding embodiments is 
incorporated as a driving system for a wafer stage or 
20 a reticle stage, will be described. 

As illustrated, a barrel base 96 is supported 
on a floor or a base table 91 through dampers 98- The 
barrel base 96 functions to support a reticle stage 
base 94, and also it functions to support a projection 
25 optical system 97 which is disposed between a reticle 
stage 95 and a wafer stage 93. 

The wafer stage 93 xe supported by a stage 
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base which is supported by the floor or the base 
table, and it functions to carry g wafer thereon and 
to position the same. On the other hand, the reticle 
stage 95 is supported by a reticle stage base which is 
5 supported by the barrel base 96. The reticle stage 95 
carries thereon a reticle having a circuit pattern 
formed thereon, and it is made movable. An 
illumination optical system 99 provides exposure light 
with which a wafer placed on the wafer stage can be 

10 exposed to the reticle. 

The wafer stage 93 is scanningly moved in 
synchronism with the reticle stage 95. During the 
scan motion of the reticle stage 9 5 and the wafer 
stage 93, their positions are detected continuously by 

15 means of interferometers and the thus detected 
positions are fed back to driving units for the 
reticle stage 95 and the wafer stage 93 , respectively. 
With this arrangement, the scan start positions of 
these stages can be synchronized accurately and, also, 

20 the scan speeds of them in a constant speed scan 
region can be controlled precisely- In the scan 
motion of these stages relative to the projection 
optical system, the wafer is exposed to the reticle 
pattern such that the circuit pattern is transferred 

25 to the w^fer. 

In this embodiment, since a linear motor 
according to any one of the preceding embodiments is 
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used as a driving unit for the stage system, the 
cooling efficiency of the linear motor is high. The 
heat produced by the coil can be collected 
efficiently- Therefore, the structure effectively 
5 prevents the heat generated at the linear motor from 
being transmitted to the wafer stage 93 or the reticle 
stage 95 to cause a temperature rise thereof or a 
temperature rise of the ambience of the stage. As a 
result r "fcbe positioning precision of the wafer stage 
10 93 can be improved significantly, and finally, a high 
precision pattern transfer operation can be 
accompl i shed . 

[Embodiment 8] 

15 Figure 13 is a flow chart of procedure for 

manufacture of mi erode vices such as semiconductor 
chips (e.g. ICs or LSIs), liquid crystal panels, or 
CCDs, for example, using an exposure apparatus such as 
described above. 

20 Step 1 is a design process for designing a 

circuit pf a semiconductor device. Step 2 is a 
process for making a mask on the basis of the circuit 
pattern design. Step 3 is a process for preparing a 
wafer by using a material such as silicon. Step 4 is 

25 a wafer process (called a pre-process) wherein, by 
using the so prepared mask and wafer, circuits are 
practically formed on the wafer through lithography. 
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Step 5 subsequent to this is an assembling step 
(called a post-process) wherein the wafer having been 
processed, by step 4 is formed into semiconductor 
chips* This step includes an assembling (dicing and 
5 bonding) process and a packaging (chip sealing) 
process. Step 6 is an inspection step wherein 
operation check, durability check and so on for the 
semiconductor devices provided by step 5, are carried 
out. With these processes , semiconductor devices are 

10 completed and they are shipped (step 7). 

Figure 14 is a flow chart showing details of 
the wafer process (step 4)- 

Step 11 is an oxidation process for oxidizing 
the surface of a wafer. Step 12 is a CVD process for 

15 forming an insulating film on the wafer surface. Step 

13 is an electrode forming process for forming 
electrodes upon the wafer by vapor deposition- Step 

14 is an ion implanting process for implanting ions to 
the wafer. Step 15 is a resist process for applying a 

20 resist (photosensitive material) to the wafer. Step 
16 is an exposure process for printing, by exposure, 
the circuit pattern of the mask on the wafer through 
the exposure apparatus described above. Step 17 is a 
developing process for developing the exposed wafer. 

25 Step 18 is an etching process for removing portions 
other than the developed resist image. Step 19 is a 
resist separation process for separating the resist 
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material remaining on the wafer after being subjected 
to the etching process. By repeating these processes, 
circuit patterns are superposedly formed on the wafer. 
With, these processes, high density 
5 microdevices can be manufactured* 

In a linear motor according to the present 
invention, it is provided with a predetermined comb- 
shaped member or a reinf orcement member extending in 
parallel to the driving direction. With this 

10 structure, even if the pressure of a cooling medium is 
made larger or the thickness of a small -thickness 
portion of the jacket is made smaller, unwanted 
deformation or breakage of the jacket can be 
prevented- Therefore, the flow rate of the cooling 

15 medium can be increased to improve the cooling 

efficiency • Reduction in size of the jacket and 
enlargement of the output thrust of the linear motor 
can be accomplished effectively. 

The provision of the comb-shaped member or 

20 the reinforcement member is effective to increase the 
natural frequency of the jacket/ such that a precise 
driving operation is assured. Therefore, in 
accordance with a stage system, an exposure apparatus 
or a device manufacturing method of the present 

25 invention, more efficient and precise stage motion,, 
exposure operation and device manufacture are 
accomp 1 i shed . 
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While the invention has been described with 
reference to the structures disclosed herein, it is 
not confined to the details set forth and this 
application is intended to cover such modifications or 
5 changes as may come within the purposes of tft£ 

improvements or the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1. A linear motor, comprising: 
a magnet; 

a coil; and 

5 a jacket having an inside comb-shaped member 

extending along a driving direction, wherein the coil 
is engaged by teeth of said comb-shaped member and 
wherein a cooling medium is flown through an inside 
space enclosed by said Jacket. 

10 

2. A linear motor according to Claim 1, wherein 
said comb-shaped member includes base portions 
provided on mutually opposed inside faces of said 
jacket and formed in parallel to the driving direction 

15 and to be opposed to each other, and a pillar-like 

portion for connecting said base portions, wherein the 
coil is floatingly supported by said base portions 
while it is held fixed by said pillar-like portion 
with respect to the driving direction. 

20 

3. A linear motor according to Claim 1, wherein 
said linear motor includes a plurality of coils 
arrayed along the driving direction with partial 
overlapping with each other, wherein each coil has a 

25 bent end portion to avoid mutual interference of the 
partially overlapped portions of the coils, and 
wherein the coils are disposed with their central 
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portions placed substantially at the same level, 

4. A linear motor according to Claim 3, wherein 
said jacket Has a central small-thickness portion with 
an outside recessed portion, wherein the bent end 
portions of the coils are disposed at the recessed 
portion, and wherein the central small-thickness 
portion is reinforced fay the recessed portion. 

5. A linear motor according to Claim 1, wherein 
said Jacket serves as a guide for an element to be 
driven by said linear motor, 

6. A stage system, comprising: 
a movable stage ; 

a linear motor having a magnet and a coil, 
for driving said stage; and 

a jacket having an inside comb-shaped member 
extending along a driving direction, wherein the coil 
is engaged by teeth of said comb-shaped member and 
wherein a cooling medium is flown through an inside 
space enclosed by said jacket. 

7. An exposure apparatus, comprising: 

a movable stage for holding a substrate 

thereon; 

a linear motor having a magnet and a coil, 
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f or driving- said stage; and 

a jacket having an inside comb- shaped member 
extending along a driving direction, wherein the coil 
is engaged by teeth of said comb-shaped member and 
5 wherein a cooling medium is flown through an inside 
space enclosed by said jacket. 



8- A device manufacturing method, comprising the 

steps of: 

10 applying a photosensitive material onto a 

substrate; 

exposing the substrate by use of an exposure 
apparatus including a movable stage for holding a 
substrate thereon, a linear motor having a magnet and 

15 a coil, for driving said stage, and a Jacket having an 
inside comb-shaped member extending along a driving 
direction, wherein the coil is engaged by teeth of 
said comb-shaped member and wherein a cooling medium 
is flown through an inside space enclosed by said 

20 jacket; and 

developing the exposed substrate. 



9* A linear motor, comprising: 
a magnet ; 
25 a coil; and 

a jacket having a reinforcement portion 
extending in parallel to a driving direction, wherein 
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said coil is enclosed by said jacket and wherein a 
cooling medium is flown through an inside space of 
said jacket- 

5 10, A linear motor according to Claim 9, wherein 

said reinforcement portion is formed on an outside 
face of said jacket. 

11- A linear motor according to Claim 9, wherein 
10 said reinforcement portion is formed at a position not 
interfering with relative motion of said magnet and 
said coil, 

12, A linear motor according to Claim 9, wherein 
15 said reinforcement portion is made of one of aluminum, 

ceramics and resin. 

13. A linear motor according to Claim 9, wherein 
said reinforcement portion is made integral with said 

20 jacket, and wherein said reinforcement portion is 
defined by a portion having a protruded shape with 
respect to a level of a portion of said jacket where 
said magnet and said coil are opposed to each other. 

25 14. A linear motor according to Claim 13, wherein 

said jacket and said reinforcement portion being 
integral with each other are made of one of ceramics 
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and. resin* 

15. A linear motor according to Claim 13, wherein 
the protruded shape portion cf said Jacket is defined 
by an inside recessed portion of said jacket where a 
portion of the coil is placed. 

16. A linear motor according to Claim 9, wherein 
at least one of an upper half and a lower half of a 
section of said jacket taken along a plane 
perpendicular to the driving direction has a recessed 
shape portion. 

17. A stage system, comprising: 
a movable stage; 

a linear motor having a magnet and a coil, 
for driving said stage; and 

a jacket having a reinforcement portion 
extending in parallel to a driving direction, wherein 
said coil is enclosed by said jacket and wherein a 
cooling medium is flown through an inside space of 
said jacket. 

18. An exposure apparatus, comprising: 

a movable stage for holding a substrate 

thereon; 

a linear motor having a magnet and a coil, 
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for driving said stage; and 

a jacket having a reinforcement portion 
extending in parallel to a driving direction, wherein 
said coil is enclosed by said jacket and wherein a 
5 cooling medium is flown through an inside space of 
said jacket. 

19, A device manufacturing method, comprising the 
steps of : 

10 applying a photosensitive material onto a 

substrate; 

exposing the substrate by use of an exposure 
apparatus having a movable stage for holding a 
substrate thereon, a linear motor having a magnet and 

15 a coil, for driving said stage, and a jacket having a 
reinforcement portion extending in parallel to a 
driving direction, wherein said coil is enclosed by 
said jacket and wherein a cooling medium is flown 
through an inside space of said jacket; and 

20 developing the exposed substrate* 



25 
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ABSTRACT OF THE DISCLOSURE 

A Linear motor includes a magnet, a coil, and 
a jacket having an inside comb-shaped member extending 
along a driving direction, wherein the coil is engaged 
by teeth of the comb -shaped member and wherein a 
cooling medium is flown through an inside space 
enclosed by the jacket. Unwanted def ormation or 
breakage of the jacket can be avoided even if the 
pressure of the cooling medium is enlarged or the 
thickness of a small- thickness portion of the jacket 
is made smaller, A higher cooling efficiency is thus 
attainable by increasing the flow rate of the cooling 
medium , 
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